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Abstract
Aim: In this study, we aimed to evaluate the success and clinical results of the Mantis XP pharmacomechanical thrombectomy catheter in 64 patients.
We evaluated the efficacy and results of pharmacomechanical thrombectomy treatment in acute and subacute deep vein thrombosis.
Material and Methods: Sixty-four patients with acute or subacute deep vein thrombosis of lower extremities underwent a single-session pharmacomechanical 
thrombectomy between 2015 and 2018. Leg circumferences and clinical outcomes were assessed 2 years after the procedure.
Results: Body mass index was 25-30 mg/kg2 in 51.6%, 30-40 mg/kg2 in 21.9% and >40 mg/kg2 in 2% of the patients.When leg circumferences were evaluated 
during and 2 years after the procedure, a significant reduction in circumference was found both at thigh and calf level (p<0.001).
Discussion: Pharmacomechanical thrombolytic treatment is based on interventional lysis of endovenous thrombosis and emerged as an alternative to open sur-
gery, thrombectomy, and catheter-directed thrombolysis. Pharmacomechanical thrombectomy is safe and effective in the treatment of deep vein thrombosis. 
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Introduction
Venous thromboembolism has an annual incidence rate as 
high as 1-2 per 1000 and usually appears in the form of deep 
vein thrombosis (DVT). Approximately 20% of patients with 
symptomatic DVT develop “post-thrombotic syndrome (PTS)” 
with chronic leg pain, swelling, venous stasis, and leg ulcers [1].  
PTS is the main underlying reason of the high morbidity, poor 
quality of life, and socio-economic losses in the long term. The 
conventional treatments used for the prevention of PTS in 
patients with DVT are not yet considered sufficiently successful 
enough.
It has been demonstrated that DVT patients with iliofemoral 
segment involvement, in particular, have  higher rates of 
PTS and lower quality of life when they are treated with 
anticoagulants alone [2].
The anticoagulants used in the standard treatment are known 
to reduce pulmonary embolism and mortality, while they were 
shown not to decrease the PTS risk since they do not reduce 
existing thrombus burden [3].
Some studies reported a PTS rate of 20-50% and a venous ulcer 
rate of 5-10% following standard anticoagulant treatment [4].
Systemic thrombolytic agents have found no place in the 
treatment of DVT due to their side effects such as bleeding. 
Recently, catheter-mediated thrombolysis and 
pharmacomechanical thrombectomy devices have been used 
to reduce the high PTS rates. Thereby, the high bleeding risk 
associated with the use of thrombolytic agents is avoided by 
administering lower doses of these agents directly into the 
thrombus. It was shown that the reduction of thrombus burden 
with the use of catheter-mediated thrombolysis and other FMT 
devices can be effective in the prevention of permanent venous 
obstruction and venous valve damage [4,5]. Early reduction 
in thrombus load with this method is a promising strategy to 
decrease venous hypertension and the rate of PTS with the 
prevention of venous valvular damage. 
Recently, endovenous catheter-mediated pharmacomechanical 
thrombolysis (PMT) procedures are being performed in an 
increasing number of  centers and particularly as the first choice 
in the treatment of iliofemoral DVT in some clinics. Growing 
experience and favorable results with PMT have made it a more 
widely used method in the light of the high rate of PTS.
While the short-term results of PMT are favorable, there are 
limited studies on the long-term results.
In this study, we aimed to present the mid- to long-term results 
in terms of PTS in patients undergoing PMT. Moreover, the 
association between mid- to long-term results and various 
parameters, including etiology, gender, and body mass index 
were evaluated in this study. 

Material and Methods
Sixty-four patients (32 males and 32 females) presenting with 
only acute or subacute iliofemoral DVT who were treated with 
PMT (Mantisxp Thrombectomy Device, İnvamed, TR) between 
2015 and 2018 were included in the study. 
 All patients presented to the emergency service or outpatient 
clinic with complaints of leg pain and swelling and were 
hospitalized with the definitive diagnosis of DVT made using 
Doppler ultrasonography. All patients had high (femoral and/or 

iliac vein) deep vein thrombosis. The mean age of the patients 
was 49.5 years (range 17-77 years).
 Patients with recurrent DVT, DVT at a lower level,  symptom 
duration of more than 2 weeks,  life expectancy of less than 
1 year, and/or additional risk factors for thrombolytic therapy 
were excluded. 
PMT Procedure:
Patients considered for PMT underwent the procedure under 
local anesthesia at the interventional radiology unit after 
providing informed consent. The vena cava filter was placed 
below the renal vein via the femoral vein with the patients in the 
supine position and then the patients were turned into the prone 
position (Figure 1). A 0.35-inch guidewire was inserted into the 
involved popliteal vein with percutaneous puncture under US 
guidance while the patients were in the prone position, and 
then a 7-Fr sheath was inserted into the popliteal vein via the 
guidewire. The occluded venous segments were assessed with 
venography performed through the sheath in the popliteal vein. 
The PMT thrombectomy procedure was then performed with tPA 
infusion by inserting a 6-F thrombectomy catheter (Mantisxp 
Thrombectomy devices) through the sheath in the popliteal 
vein and gradually advancing the catheter first to the inguinal 
level and then into the iliac veins (Figure 2). Optimal patency 
was tried to be achieved by applying the same procedure to 
the regions with inadequate patency on venograms performed 
after thrombectomy. The procedure was terminated in patients 
with adequate patency and these patients were followed up in 
the ward for potential complications. 
In patients hospitalized for PMT, LMWH treatment (bemiparin 
sodium, 115 IU/kg, SC, once daily) was initiated immediately 
after the diagnosis and PMT was performed as soon as 
possible. In patients with no post-PMT complications, oral 
warfarin was initiated on top of LMWH treatment with regular 
INR measurements and LMWH treatment was stopped and 
oral warfarin treatment was continued when INR was >2. 
Patients who achieved effective INR levels were discharged 
on oral warfarin with advice to use compression stockings. 
Patients were followed up at 3-month intervals and remained 
on warfarin treatment for at least 6 months after discharge. 
Patients were advised to use compression stockings for 2 years. 
Calf and thigh circumferences of the patients were measured 
and patients were asked to assess their pain levels on the 
pain scale before and 24 hours after the procedure and every 
6 months thereafter. Control Doppler US examination was 
performed at 6-month intervals. 
Statistical Analysis:
Statistical analyses were performed using IBM software SPSS 
22 (IBM Corp., Armonk, NY, USA). The variables were evaluated 
using visual (histograms, probability plots) and analytic methods 
(Kolmogorov-Smirnov /Shapiro-Wilk test) to determine whether 
or not they are normally distributed. Descriptive analyses were 
presented using means and standard deviations for normally 
distributed variables. Frequencies and percentages were given 
for categorical and nominal variables. Repeated measures 
analysis of variance was used to explore the effect of the 
procedure (PMT) on the change in thigh and leg circumferences. 
The Chi-square test or Fisher’s exact test, where appropriate, 
was used to compare the proportions of Doppler US findings 
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and pain scale categories and also to compare gender and 
thrombus status during follow-up. A p-value of less than 0.05 
was considered to show a statistically significant result.

Results
The mean follow-up was 24.38 months (range 3-40 months). All 
patients had thrombosis at the iliofemoral level with a symptom 
duration of less than 2 weeks. Twenty-eight patients (43.8%) 
had right and 36 patients (56.3%) had left lower extremity 
involvement. DVT etiologies are presented in Table 1.
Thirty-one patients (48.4%) had history of smoking. Body mass 
index was 25-30 mg/kg2 in 51.6%, 30-40 mg/kg2 in 21.9% and 
>40 mg/kg2 in 2% of the patients.
After the PMT procedure, 5 patients developed hematoma in 
the popliteal region and only one of these patients required 
surgical exploration and vascular repair. In the remaining 4 
patients, hematoma regressed with compression. One patient 
developed complaints similar to contrast allergy but these 
complaints were resolved in a short time without requiring any 
medication. None of the patients had severe bleeding. Almost 
all patients experienced a dramatically marked decrease in pre- 
and postprocedural pain. Pain scores measured before, after, 
and at 2 years after the procedure are presented in Figure 1. 
Significant differences were found between preprocedural, 
postprocedural, and 2-year measurements (p<0.001) (Figure 
3a). 
When preprocedural, post-procedural, and 2-year leg 
circumferences were evaluated, significant reductions in 
circumference were found both at thigh- and calf-levels 
(p<0.001) (Figure 3b). Control US examinations of the patients 
revealed that the patients with scores of 3-4 on the pain scale 
at 2 years had US findings consistent with thrombus and this 
relationship was statistically significant (p<0.001). Two of 
these patients developed stasis dermatitis during follow-up. 
No significant relation was found between control US findings 
and the etiological classification of DVT (p>0.05). Gender and 
age were not significantly related to control US findings and 
pain.

Discussion
Early diagnosis and treatment of DVT complications are 
critical since they lead to high mortality and morbidity rates 
and long-term work loss and require long-term and expensive 
treatments. PMT should be used in patients with an active life, 
phlegmasia cerulea dolens, early diagnosis (acute or subacute), 
and iliofemoral involvement.

The short-term results of PMT, which is increasingly more 
commonly used in patients with high DVT, are pleasing, while 
its long-term results, particularly with respect to PTS, are still 
unclear. Many studies reported an unacceptable long-term PTS 
rate of 25-46% with classical anticoagulant treatment alone 
in iliofemoral DVT. There are studies showing that the PTS risk 
during 5-year follow-up periods is reduced by the use of PMT 
[6,7].
DVT is caused by immobilization, surgery, trauma, older age, 
malignity, factor deficiencies (protein c-protein s-antithrombin), 
factor V mutation and medications such as oral contraceptives. 
The American Venous Forum’s suggestion that ‘PMT should be 
performed within 14 days of symptom onset’ may explain the 
favorable results in terms of both PTS and venous patency [8,9].
Conventional treatment involves the use of warfarin, 
low-molecular-weight heparin or NOACs.  Recently, PMT, 
thrombolysis, and similar methods have started to be used.
In our study, control US examinations and pain and leg 
circumference evaluations performed during mid- to long-term 

Table 1. DVT etiology

Etiological reasons n %

Unknown 17 26.6

Immobilization 6 9.4

Previous Surgery 20 31.3

Genetic 6 9.4

Other 15 23.4

Total 64 100

Figure 1. Implantation of IVC filter

Figure 2. Lysis of the thrombus in the iliac vein with PMT cath-
eter
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follow-ups after the PMT procedure revealed a rate of 10.9% 
for PTS findings. Two patients had stasis dermatitis. This 
suggests that this rate may increase even further with longer 
follow-up.
Pharmacomechanical thrombolytic treatment (PMT) is based on 
the interventional lysis of endovenous thrombosis and emerged 
as an alternative to open surgery, thrombectomy, and catheter-
directed thrombolysis (CDT). Although the long-term effects 
of this treatment have not been reported in the multicenter 

randomized controlled studies published so far, observational 
studies have reported successful PMT practices [10].
There is consensus on the use of CTD or thrombolytic 
treatment in addition to PMT treatment in patients without 
contraindications [11-12].
Recent studies reported that IVC (inferior vena cava) filter 
reduces the risk of pulmonary embolism [13, 14].   In our study, 
all patients were successfully implanted with an IVC filter. Filters 
were removed from all except two patients. We believe that 

Figure 3a. Pre- and post procedural pain scale

Figure 3b. Changes in thigh and calf circumferences after two years



 | Annals of Clinical and Analytical Medicine

Deep venous thrombosis

14

the IVC filter should be routinely used in all patients, despite 
the manual aspiration feature of the Mantis PMT catheter. 
The catheter aspirates blood clots near its lumen, but this is 
not sufficient in segments with higher thrombus loads, since it 
moves centripetally in the direction of the flow.
When PTS is evaluated in relation to the open vein hypothesis, 
venous patency was found in 92.1% of our patients. We believe 
that this resulted from the admission of the patients in acute-
subacute phase and from the thrombus quality.
 In general, symptom duration for more than 10 days was 
reported to reduce the rate of complete thrombus resolution 
[15,16].
Another conclusion of this study is that this procedure provides 
quite satisfactory thrombus resolution as well as significant 
symptomatic improvement.
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